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Previewsmicrotubule-associated proteins enables
the rapid transition of metaphase spindle
microtubules into anaphase midzone
microtubules. The mechanism of length-
dependent marking allows single mole-
cules to identify and influence the fate
of microtubules a thousand times their
size.
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Reporting recently in Cell, Lyons et al. (2013) reveal key roles for transient LSD1 histone demethylase activity
in activation of a single olfactory receptor allele and suppression of the rest of the olfactory receptor gene
family, thereby locking in the expression of a single olfactory receptor per sensory neuron.The regulation of gene expression during
development allows the formation of the
numerous distinct subtypes of cells that
are essential for the formation of all parts
of the body. The generally accepted
view of the role of gene regulation during
development is that increasingly specific
directed programs of gene expression
and associated cellular changes lead to
the formation of distinct cell types and tis-
sue types.
There are, however, instances whereby
a stochastic aspect of gene regulation
allows the development of unique identi-
ties among otherwise identical cells. One
such mechanism is the V(D)J DNA rear-
rangement, which generates an enor-
mously diverse set of T cell receptors
on T cells and immunoglobulins on B
cells. Another stochastic gene regulatory
mechanism involves alternative splicing.
The Down Syndrome Cell Adhesion
Molecule (DSCAM) gene in Drosophila
melanogaster has over 30,000 distinctforms (Schmucker et al., 2000), and
single-cell analyses showed that each
neuron expresses a stochastic subset of
these isoforms, which confers each cell
with a unique identity (Neves and
Chess, 2004). Similar splicing-mediated
generation of unique neuronal identity
has recently also been shown in mam-
mals through studies of protocadher-
ins (Lefebvre et al., 2012). The regulation
of mammalian odorant receptors (ORs)
is a third fascinating mechanism
wherein gene regulation leads to unique
identities for otherwise identical olfac-
tory neurons. In a recent issue of Cell, a
report by Lyons et al. (2013) regarding
the role of epigenetic modification in
stabilizing single OR expression opens a
window on the mechanism of OR gene
choice.
In the years after the discovery of the
multigene family encoding ORs, molecu-
lar studies showed that each olfactory
sensory neuron (OSN) expresses oneallele of one of the >1,000 genes (Chess
et al., 1994; Malnic et al., 1999). The
choice of a single OR is critical for both
odor detection and the proper wiring of
the projections of peripheral neurons to
the olfactory bulb (Ebrahimi and Chess,
2000). The mechanisms by which this
allele selection is achieved remained the
topic of much active research during the
last decade (reviewed in Merriam and
Chess, 2007). A unifying mechanism for
the singularity of OR expression involving
interchromosomal interactions and a
particular locus called H was initially pro-
posed, but later reports showed that H
was dispensable for all but a few OR
genes located in cis to H on the chromo-
some. Other notable studies provided
evidence for OR gene switching, as well
as a role for negative feedback inOR allele
selection. In 2011, work from Lomvardas
and colleagues described an epigenetic
signature for OR gene regulation (Mag-
klara et al., 2011) involving molecular
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Previewshallmarks of constitutive heterochromatin
(H3K9me3 and H4K20me3 on silenced
OR alleles) and the activating H3K4me3
mark on expressed OR alleles.
In this new work from the Lomvardas
group, Lyons and colleagues (2013) pre-
sent evidence that transient expression
of the histone demethylase LSD1 plays
an important role in OR gene regulation.
A number of lines of data from the study
support a model in which LSD1 (in
complex with a yet-unknown H3K9me3
demethylase) chooses a single OR
allele by reversing its previously hetero-
chromatinized state and facilitating the
acquisition at the allele of a transcrip-
tionally active H3K4me3 signature. If
the chosen allele encodes a functional
OR, expression of Adenylyl Cyclase 3
(Adcy3) is induced and results in the
downregulation of LSD1, thereby pre-
venting activation of other OR gene
alleles. The authors refer to this activation
of a single allele and prevention of activa-
tion of other alleles as an ‘‘epigenetic
trap’’ that locks in the singular choice of
one allele of one OR gene.
Data supporting this model came
from analyses of expression of LSD1
and Adcy3, as well as various manipula-
tions of the mouse germline. LSD1 is
transiently expressed during OSN differ-
entiation, and genetic ablation of LSD1
activity before OR gene choice abro-
gates OR gene expression in addition to
perturbing other aspects of differentia-
tion and connectivity that depend on a
functional OR. If LSD1 is deleted justafter OR choice, there appears to be no
impact on OSNs. OR expression induces
Adcy3 expression, which normally turns
down LSD1, and Adcy3 KO mice have
defects in downregulation of LSD1 and
increased switching of OR gene choice.
Ectopic expression of LSD1 also per-
turbs the stability of OR gene choice. It
should be noted that given that LSD1’s
enzymatic activity is specific for dimethy-
lation on H3K9 and H3K4, it remains
unclear how the trimethylation on the his-
tone residues is converted to the dime-
thylation state to act as substrates for
LSD1 activity. Nonetheless, these data,
taken together with earlier demonstra-
tions of feedback from the expression
of a functional OR allele, illuminate
molecular aspects of the feedback loop
that preserves the respective epigenetic
states of active and inactive OR alleles
during the life of each OSN.
According to the model proposed by
Lyons et al. (2013), if the selected OR
allele is incapable of producing a func-
tional OR, Adcy3 induction will not occur
and expression of LSD1 will remain high;
thus, LSD1 can continue to desilence OR
alleles (via demethylation of H3K9me2)
until a functional OR is activated. More-
over, LSD1 can also demethylate the
H3K4 associated with the previously cho-
sen (nonfunctional) OR allele, leading to
its return to an off state. This model is
consistent with earlier observations that
10% of OSNs switch from an initial
choice to another OR allele, even when
the first chosen one is functional; such un-Developmental Cenecessary switching could be due to
insufficiently rapid shut down of LSD1.
This work from Lyons et al. (2013) sheds
light on a fascinating mechanism that
accommodates the changes in number
of OR genes across evolution. The central
role of stochastic choice in this process
leaves each neuron with one allele of a
single OR gene and thus has the potential
to promote evolvability of the olfactory
system (Chess, 2012).REFERENCES
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